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Protozoa aa Model in PRiological Research.

- - - e e - - - - - -

Academician Otto Jirovec
Protozoological Laboratory, Czechoslovak Acedemy of Sciences, Prague

Simultaneously with our srowing knowledge of the xorphology,
physielogy and acology of Protozon, these orgonisms are being used as
mode) for investigating various clezentary biologlcnl processas. For
many reasoms, Protozoa are particulerly suitoble for experiments of
this kind. In spite of their microacopic dimensions, nost of them,
when magntfied 1000 times, permit us to study their morphology. Compo-
sed of one single cell, they alrendy constitute independont orgunisms
corresponding in their genersl bebaviour with that of primitive rulti-

tellular organisms, cnebling us to study exogenous influences in indi-
vidual forma es well as in entire populetions, Their methods of sexusl
reproduction vary. Of special si nificence ere those Protozon who
cause serious, often fatal disecuces in man as well a8 in domestic
animala, :

. Twenty years ago, in 1941, CALKINS-SUMMER in their work
PROTOZOA IN BIOLOGICAL RESEARCH summsrized all thet was then known
about the morphology, physiology, biochemistry and biophysics of Proto-
zoa. Since then, experimentsl r-secerch mcthode have been greatly per-
fected /we are using isotopes, to juote just one exsmple/, and the fxz-
portance of Protozea has increas:d in cvery respect, Allow me to refer
to & few instances in the solution of which we have also participated.

1/ The_physiology of nutrition_snd_growth

mrwemmr e sl e am e elccma—-

Serious investigations of the physiology of the nutritionul
habits of Protozoa could be started cnly &fter the scientists hnd suc-
ceeded in producing pure cultures - i.e, cultures freec of nssoclating
bacteria - of at least the mein —aprecscntrtives of the individocl
protozoan groups and other micrccrgonisms, preferably in medin of e
known chemical composition. It wns conparatively ensy to produce pure
cultures of Protozoa living in noturully sterile environments. Thus,
for instance, the first pure Trypenosoms cultures were produced as
. early as 1903 from the blood of i.irds cnd, later on, also fror the
blood of mammels /NOVY-McNEAL/. To produce pure cultures of Protozoa
1iving in bacteria-filled environments, such as in the intestinea or
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in brackish weter, wos & much move complicated tnrek, Sometimes the Pro-
tozoa themselves came unintentionrlly to the help by prasing from the
1nieatinea into the blood where they wer« azsier to isolste /Futrichome-
nastiy colubrorum 1918/. On anothar occasion the omount of bacterir was
80 strongly reduced by mechanicol :enns thet they pultiplied much slower
than the Protozoe and werc devour.d by them /for instence, in the case .
of kayorella polestinensis/. To irce Protozos from bacterioe vsrious
methods were devised including washing, migration, phototaxis, ctc.
siuch was done in this respect by PRINGCHZIM and LWOFF et all, The dis-
covery of cntibiotics, particulerly of penicillin end streptonmycin,
morked a fundamental turning point in pure culture production. These
entibiotics prevent the multiplicetion of & number of bacteris cnd make
it posaible to reproduce, after e few transoculstions, pure culturce
also of those Protozos which live in strongly contamincoted environments.
Of many protogoans, especially eof the cilirtes which require formed
food, it woe possible to produce "Zweigliederige Kulturen", i.n, cerni-
vores feeding on living or dead bacteris, ycast or other smaller proto-
zoan species. Finally, pure culture production of soma Prctozoz so fsr
succeeded only in tissue cultures of culls from higher vertebrates,

8s8e Toxopleama, Plasmodin etc, ,

It waes only by working with pure cultures thot the basic pro-
teins, aminoacids, carbohydrutes ond growth substunces os well as
“trace” elements which are absolutely neccssery for the growth end re-
production of protozouans could be deternined, Some specius could clge
be used to ascertain some vitaains, ror instance cneurin /by meong of
Sfrigomonaa ond Tetrshymenz/, vitsmin B-12 /by nceons of Euglens ond
Octrozones/ etc. '

. Protozob werved es valuable indicators in determnining the

- quality of non-drinking water /for inst. in the saprobic system after

KOIXWITZ-MARSSON/, The role of Protozoa in woter is not confined te
devouring bagteria and smaller protozoan speeies but it provokes slse
certein mutusl stimulotions ond antegonism between the different spe-~
cies with nll the implications for self-purifyiiz processes in the
water. Unfortunately, our knowledge regarding the physiolosy end parti-
cularly the motabolis:i of even the very well-known protozoan species

4e otill very limjited.
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2/ Experiments to_influenc: the cytology of Protozor.

The complicated protozean body enlle for experinents simed at
artificielly influencing the cell function by removing verious orgn- .
boiiéa of chenging them through axternsl stimulation, Experiments te
Zégenerate Protozoe are generslly known and heve shown that the presence
of the nucleus is ineviteble for the cxistence of the body. Tha first
cel) orghnelle ever to be Temovud was the blepharoplast of Trypenosoma,
It hed baen known before that certain species of Trypanosoma ero not
equiped with blepharoplasts /Trypanosoms equinum/ snd thet in numerous
other Mpecies possessing blepharoplost 1 - 10 per cent of the orgsnisce
hove Do orgenelle of this type. DBy means of trypaflovine end other lyes
bloﬁhnroplaato of Trypenosoma could be removed directly in the hosts
MERBITZKI 1910 and others/ and stroins permanently frce of blephero-
plast were produced. There were ne éetrimental effects on their viru-
lence, reproduction power, motility etc. It is still dublous how the
blepharoplasts dissppeer - wbetl..r this is due to » loss of reproduc-~
tion powser, to decomposition or e natursl selection of organisn void
of blepharoplaets. Elimination in vitro from the bady of Trypanosows
th go for not met with success.

' Another exaaple of artificially influencing the cytolegy and
ot tHe same time the physiology cf protozoens is the oclizinstion of the
phofécynthetic apparatus and hance the fsculty of the flagellate Bugle-
na graétlis to assimilate. ZUMSTEIN ‘s experimenta in 1500 were sctually
tho firet cttempts to influence the cytolegy end physiolegy of the fle-
gellates - Zumstein at thot tiae ciscovered that Euglent grocilig ploced
into pernmanent darkness lose their colour but continuc to grow in this
apochlorotic stote which grastly {nfluances the cordition of their
chldroplasts. The fact that the elicinrtion af tre photosynthetic
eppétatus of Euglenn precilis moy bo achivved by using streptomycin
/PROVASOLI et all, 1948, JTROVEC 1949/, by aeans of ontibistening, e.ie
pyribenzamin /GROSS et all. 1955/, etc. os well es by physical methods,
for inst. through higher tenperctures during the reproduction process
/PRINGSHEIM 1948/, UV-Tuys JPRINGSHEIM 1958/ ete., wee & finding of
utmost significance, Euglena "bleuched” in this frshion proved to be
ahalogous to the frec-living 11 7allete Antesia 12ngre The nature of
this phtnowenon has 80 for rercined unexpl-ined; eolie attridbute it
to 8 retarding of plesatid repruduction curing celluler fission, others
aseribé it to the loss of the cspability to build up chlorophyl and

Sanitized Copy Approved for Release 2011/03/01 : CIA-RDP80T00246A014700570001-6



Sanitized Copy Approved for Release 2011/03/01 : CIA-RDP80T00246A014700570001-6

4

the transforuation of chloroplcrts iute lowsrplrsts, others o-in re-
gard it cs fragmentation ond a jienes ) GlziproenTenc: a7 ¢tliovoplasts,
Recently De DEKKEN-GRENSON streseing the interestling snrlogy betweon

the bleacted Euglena ind the origin of respiretory desficient aaocharo-
mycesa cerevisise colonies nnintcined that the disnnpecrince of thx photo-
synthetic apparatus is due to the cccuaulction of some etabolit or other
or to a chenge in the metabolisr! giving rise to permcnent horeditar&
transformation. Another organelle to bo cxternully influenced is the
stigme in Buglena gracilis which discppecrs in some fuglens strcins when
streptonycin or other factors are opplied, or it is presecrved

efter the lost of chloroplest, providing the cultures cre pluced in the
light. The photoreceptor connected with the eyespot diseppears simulte-
neously with the stigma. VAVRA, however, has shown thet in one strain
the photoreceptor was preserved even arter the loss of stigio,

Experience hithorto has shown thut individual straing or colo-
nies of one or the other species react very differently in experinents
to influence their cytology and that cnly & lorge anount of experinmentel
reterisl cen yield satiafactory resulta.

Also transplentstion of the rucleus into orgeniems of identicol
or different specics made possible by the isproveaernt of aicrurrical
techniques ere highly interesting. As cerly se in 1639 COMANTOM cud D2
FONBRUNE exchenged the nuclei of two specinens of Anoebe sphaerenucleus,
Mter romoval of their own nucleus the ezoebne continued to live nor-

“7ially with the new nucleus. DANIELLI +nd LORCH /1650, :xchunged the nu-

clei of Amoeba proteus and fmocba ciscoidnliewho differ screwhst in
their morphology, menner of movuaent, rhythm of fiesion etc. It beca.e
evident that the cytoplesm decisively influences the ghepe of rocnbe,
its novement and even the size of the tronsplantaed nucleus, Th- nucleus
again determines the rhytha of divieion -nd the rtigone proportiss,

We feel justified in expecting weny surprisvs frow the future trius-
plantation experinents.

The event of clectron microncope cpoined new progiese in the
study of internal structures of Protocer, BesicCeg cnet iing ve to in-
vestigate the structure of the hithertc <nown orgonelles /zitachendrin,
Golgi apparatus, flugelle, filaments/ it clso led o the discovery °f
new orgenclles /toxcnewes, sorconcies etc,/. Il is tc b expected thet
with the help of electron ricroscope the studics of the various orti-
ficielly induced changes will considerubly enler-e our knowledge of
experimental cytology.
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1 do not huve to dwell on th. .nornlily nown itportonce of Proto-
zoa in the human and veterinary rocicine, ' o. op our cchinsveuvnts in the
prescent struggle to eliminate verios infections crused bty Protozoa
which until recently were amonz the most widz-spread contrgious diserscs
in the world. The complex bzttla wiced ~rpinst the paruasites by menns of
modern chemotherupy, and sgeinst their corriers by aeans of insecticides,
a detailed knowledge of the developuent cycle of the parcsites end the
application of Acadezician Pevlovek&’s teaching perteining to the netu-
rel centres of infaction /e.g.l:ishiiniosis, borroi.osis ate./ have ¢11
led to the retreet of protozoens in leres rasions, prrtaculerly in tro-
pical zones. Th: best exapple of this i3 the errdicotion of malaria,
formerly one of the most wide-sprond contogious disceses in the world,
in all those tropicsl and subtropical regions which have et least to
soue degree access to civilisation, Dsnsic investigation of the peresitic
protozoans also played an important role in this respect. I should like
to cite n few examples.

The tissue fibres of soae parasitic Protoczoe which c2nnot exist
without & host cell ara valucble raterial for the inveatigotion of
toxoplesnosis, .mericen trypanosoiinsis .nd other ciser s.s. Model cul-
tures faciliteted the study of nctebolism of prrasites @& well es the
influence of verious chermothercpeut:os. In this connection I should like
to mention the surprising discovery of .icunthuuosba in tissue cultures
of sonkey kidney /CULBERTSON 195¢/, Hithertc known ns ¢ free-living
form this muoeba proved to be strongly pathosenis in nies =nd wrkeys
creating lorge deposits in thair hroins rad lunce.

A new branch of scienca, chetotheripy, owes iis existence ta
experiments in which parasitic Protonzon wore used °s “0na-1a, Not neeting
with sucecess for a long tie in cco™:ting tactoriosl infecticn chenotho-
rapy was subplanted by aerothirany, but shaclutely won e field in
fighting cgainst parssitical dn wrtinse yrat sooes ‘nd Tlosaodias
easily cultivated in sanll lsbor tory =niiv.s pereitten corinl expa-
riuents in waica the chemotherapeasieal «ifect ~f lurpe quantitiva
of compounds could be studied - tne result of this effort wis the Jis-
covery of atoxyl, Salvorsen, Urys ramad, Taronin, Pentrzidin, Atebrin,
Plasawochin, Caraprim, Foludrin, Jhlorechin -nd ether sreprrotions often
of & surprising effectiveness. W.iLIR-J/.UTEC s discovery of ncloria
therepy nade it possible to work cut erd stuly <he coursc of model in-
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fections in psychiatric hospitels /for inst,CILCA <ol cthers in Runsnic/,
which considerably contributed to the successful Tight = ninst snlerdn
in 1hé field of curative medicine. Lizeovery of =-stoges, Tirst in bird
later also in human pluszodia /HUFT, RAFAZLLS, KIKUTH, REICIENOW-MULROW,
GaRNHAM and others/ helpwed to undcrstend hitherto unknown laws regerding
the epideniology and pethogenesis of mularie. Finslly, the diacovery of
Pla suodiun berghel cnd Flasmodiuz vinchel in szell frican rodients ond
their successful tronsfer to ordlnury srboretory rnarols Tcilitoted
further iwnuno-biolegicel end cheiother - peuticen]l ruresrch,

If we wore so Ter sotisfied with enernl -ccertrining vhother
or not certain substinces have nn effect on p“rrsit-s,‘tod?y we tra 1
rendy engaged in a more deteiled resenrch of the affect of those subitnn-
ces on various metabolic processes in the body of prresitic Irotozorns
»nd their hosts. It is conceivadble thrt only the recults of experizents
with new drugs applied directly to the contaminated host con be consi-
dered v2lid for an opplication in proctice and for the deterzinc~tion of
their .. '~ effects. It was shown by JIRCVAC /1947/ that cultures of
the infusorian Tetrahyuens pyrifornis :nd strer Protnzoa sare suitedble for
experinente to establish the toxicity of verious chimotherspeuticals and
desinfectants for animel cells in generrl. Thus penicillin and strepto-
nycin proved to be non-toxic for thease protozouns os well 23 for animal
cells in general, whereas Patulin, Merfen ctc, were highly toxic. Aureo-
nmycin, Terracycin, Chloramphenicol ond others can be described =g of -
a mediun toxicity. It 1s therefore possible to substitute for inst.
Tetrahymena culturea when testing the toxicity of wso.e substuncen.for,

4/ Lotent infectione.

- o e - - . - -

The research during the last 3IC yecrs s preved thot Protozos
can seriously endsnger the heulth of rnon end

Rl

Gernestic rnincls lso in

the nild climete, Toxopldswosis und viginal irichotorinsis ere rrong
the most wide-apread protozonn irfecticns of man while douestic animcls
ere very frequently infected with cocciliosis,

In recent years an importont crhonge took place regnarding the
opinion on the pathogeneais of certcin infectious discosea. While under
R.KOCH s influence we beliaved thet thy nceting of aAn infective rgent
cnd a suitoble hoat is bound to bt followed by the outbresk or o disesse,
we know today that the host-paransite relotions are uch more cciplicoted
than thot end that in a considerable nutter of infectiens the nonifeat
clinical sickness only represents the teruinel phrse in this rel=ztion,
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Fror. the precticsl point of viaw “'ic »lits is ceri:niy o uost import uf
orre, but it is merely one of twu extremes, the sccond of which is the
latent infection. Previlence of cn¢ extreme or the other depends on ge-
veral foctors : virulence of the p'rosite wiich cen conciderably vory
even within indivicuel strains o the sni.e spooies, resistence of the
host which chiungoa with its n,c¢, his nut.1tionudl t:btits, hormon cyclus
‘nd sozetimes aven the quontity ~7 gerss presont, This “polies e.pg, in
tha cese of coccidiosis a2nd alsc probably of toxepl-acois. T should 14 o
to mention sone medel infections in order Lo oxpl:in t'~ inportonce ~f . ¢
thicsae lutent processes which hitherto received ~nly Ldnr cttentior,
Toxoplasmosis i1s ~n enthropozocrnosis nd one ¢ tha cost wide-
spruad protozosn infections in men. On the basis of th: poeitive serun
reuctlons end intragerusl tests it con be catinated thot on the everage
25 per cent of the Centrel Europeon popul:tion ore infected nni that th
Lichest nucber of infected perscns te found in the Ligher rge groups.
Coiipured with this figure the ameunt of clinicnlly di-~;rosed toxenl e -
mwesig, pre-natslly or posten-trliy acquired, is nejligille, even thorch
in the recent years wejor ottenticr wns peid te this in.cse in the cif-
nics und ressarch leboratories. Tae first cnse of ophtholuie ond cen~
genitel toxoplesamosis in men wie doaerioed by Profusser JonkW in 1923
in I'rague. This neans thect there -xist on the one hand serious end
often fatsl Toxoplesma gondii in! ctions in mcn end enirnls, on the other
hond, infections which ere entirely lntent. For thkrur  wrsons we feel
Justified 1 presuning the existence of a whole nusber of transitionol
singes between the two extreres, w'tr Vory Cificruntkcfiniccl aypte3
s to their quality eond significonce. 4 4 ocincus Tetos is prebably s,
the quantity of parasites present, the resict. .o o “%- wost -né the
locnlisation of parasites perci:iiug in tne L. y. . nvhiile it is be-
couing ever iore clezr that the 1-tent toxop!asmosis ri s on daport ot
prrt tn causing vorious disorders in the deveinpr:nt of the hunan eti-
bryo, hobitual ziscarriages ond Other dirturl-nces “n cxpectrat nothors.
In ophthalmology grenular choricr :tinitls ig olten Mnsnoaed, {n inter-
nzl medicine we know 5 numbor of Jiicnscs o 1t~ Iymphatic syatez end
the blood vesscls which, of course, reguire farther invoatigntion re-
gerding the connection betwerpn th wctunl or notertiol 1ntont infeetion
and certcoin clinicsl sy.ptons. 1i thaege exparinents crtificislly infec-
ted labavrgtory rots rlso serve - Cod:1 fepr hu.r infection. The toxoplas-
nic infuction, for instance, r2.uing 1 tont ia lsborrt oy rots o5 well
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as in human beings, while contazinsted mice, guinen pigs etc. mostly
die of the infection. The study of diaturbences in enimal development
as a result of toxoplasmic infections offers ¢ widu field of activities
for comparative teretology.

) Pneunocystosis is enother wide-spreed and in most coasea la-
tent 1droction in cen ond certein animels. At the beginning we knew,
of course, only one type of fatsl pneuuocystosis which nffected bables
of 2 - 4 monthg. Later, however, fatal Pneuzocystis corinii infections
were also detected in older children and in forn of lung complicetions
ulso in adults weakened Wy a long illness or ¢ lung disesse. Certain
post-mortem exeminations as well cs positive serux recctions ond intra-
deruol pneumocystis ontigen tests have shown thst lateént Pneucocystis
occurs olso in adults. The rete of infection increases agnin with the
age and 1t i3 estimoted that 2 - 5 per cent of middle-aged adults are
offected by the latent infection, while in older persons living in
0ld-oge hones the percentage through the effects of living in a closed
comnunity jumps to almost 50 per cent. /Accute illnesa, however, occurse
only when the organien is weakened, either ns the consequence of another
illnese or chronicel disdese /TBC, leukemirs, lymphogrsnulom, lympho-
blaston ete./. Isolated older finde of Pneumocystis in animals indieste
wide-spreod lstent infections in domestic enimals and wild maomsle.
This was proved by long-term applications of large doses of Cortison
which provoked after several aonths 2 typieal Pneunocystis pneumonia
in 60 per cent of rats snd 80 per cent of rabbits used in the experi-
mente /WELLER, LINHARTCVA and others/. Toxoplasmcsis snd pneumocystosis
con thus serve as model for changing the latency into menifeat sickness.

Trichoaoniesis is nnother protozonsis, cffecting —en =2nd

wonen in all perts of the world. The clinicrl symptons of this diserse
were fitst diegnesed in women, while therc were very fow crses roported
in nen. It was cleer to ‘the protrzoologists thet Trichomonns vaginalis,
n protosoan which is very sensitive to ite environnent and does not
forn cysts, which ie unable to live in water or.even dried-up medium,
crny, in the majority of coses, only de trensforred dby sexusl inter-
course. Only during the pnst 2C years the resesrch sucecceded in mroving
thnt infeeted wonen have, =t lenat in the dniuinrl strges, typienl
clinical sycptoms, while the infcction in crlc pntients, mcquired of
eourse, only by sexunl intorcourse, rensins lotont in most inastencea,
or hns such nogligiblc elinical symptcous that they eacnpe attention.
On the whole, the percentnge of 1lntent infection in men corresponds
with the percentage of infeeted women in a certrin populotion.
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Succegsful transfer of Trichomon:s onto peracnetly oestrogenized rate
f~cilitatos @ number of experirents, regarding the p-.thojencsis end
chemotherepy of this, ot present most wide-sperd, vencrsl Giserse in nen.
1f, on the one hand, mony parositicsl protozeans cause greve
concern, some, on the other hand, proved to be vary useful to us. it
present, though, the pooaibilitirr in this respect ore still rather
vaguely outlined ané we heve ynt n long way to go bafore we shall be eblo
to use them in practice an & lerpe-scele. I an refarring to the signifi-
crnt discovery by ROSKIN et nll, which whg cortnbot=ted hy other scientists,
resrrding the cancerolytic effects of nn extr~et won fronm Trypanooauu
ervzi, ns well as to other possidilities to fight sgninst various prrnsi-
ticcl insects by means of porasiticnl mrotozon, a method which was suggosted
and alrocdy proctically spplied by WEISER /for inst. the use of the misro-
sporidien Thelohania hyphantrine to combst Hyrhantrie.

5/ Artificial Paralit‘au in Protozon.

- - - - . ot o -

!roo-living Protozoa, for examplc Infusoris, wcre often
detocted in the body cavitias of verious weter-dwelling cnimols, ospecinlly
in insect laress. LWOFF /1924/ wnr first to chow thrt Tetrahymene, ino~u-
lated into the body cavity of th: caterpiller Galleris melonella, multipli-e
rapidly and finelly devours its hoat. In 1937, JAND. and JIROVEC su:sected
in infecting A 1rrge nuober of insects with this protozoan. All infectcd
“insects died within less than a month. Water-dwelling insects wore in-
foctod by masns of incisei cutiscula. Short-term heating 2l ~2-33° ¢

herled the infection permsnently, but no i{-y.nity = -inst reinfection
resulted. Also thc use of dead Totrshymens Aid n~t lesd to irmmunisation.
ERLARDOVA, in 1952 ascertrincd thet not only "o tr-hymen- but eleo tha
infusorisans 6olpods steini, Colyodium culpcla, Glaucorma versy, etc. rr
highly virulent for verious kinds of Coleoptnra, Lepidoptern.mnd
Xhynchotee. POKORNA, in 1961, cuvirined » fetrl infeetion in the ceter-
pillurs Bombyx mori and Galleria Melonolle, by injecting flegellatas of
the genus Strigononoss. BEuglenas howaver, did not multiply in insect hoats
st all. Hence, artifiesnl perositis:. of some infusorisns 18 n suitablo
model cxporimnn{ %o study the pe thogenetic procesces of on entirely
unalapted host.
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) I could, of course, continu: reporting rimny ncve, very intercati o
rcsults of mrotozoan researsh, I could spuenk of the influense of vrrious
kinds of rcéietion /RTG, UV, Ra, ctc./ of thue discevery of Y~ppn-particlos
in the plasno of Porameciur of the Killers type /SCNNERORN ¢t ~11./ npd
of meny other nspects. 1 Aan convire«d that we shi:ll henr arny interesting
popers, deoling with the ginotien of Protozo- at this Conference ~nd
I hnvo no Coubts that iodern biology in future will use pr otozos ns model
orgnniens for the study of varjous biologicnl processes on nn even Y rger
acnle than hitherts.
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